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The Q-weak Collaboration has recently determined the weak charge of the proton corresponding to the analysis of approximately 4% of the data collected in the experiment [2] . The main objective of the Q-weak experiment is to provide a value of sin 2 θ W with a 0.3% precision, that is, the weak charge of the proton to 4%. This extremely small uncertainty will provide a significant test of the SM. In [2] a global fit of data taken for hydrogen, deuterium and helium targets up to |Q 2 | = 0.6 (GeV/c) 2 was also done providing some estimates for the weak neutral current (WNC) couplings. These results are compatible with the ones obtained in previous analyses performed by Young and collaborators [3, 4] . However, the use of data only up to |Q 2 | = 0.6 (GeV/c) 2 (in the case of [3] only data for |Q 2 | < 0.3 (GeV/c) 2 were considered), in addition to particular assumptions for the Q 2 -expansion of the form factors, have convinced us of the necessity of a new and more complete analysis of the process. Moreover, when such high levels of precision are the goal, mixing data for elastic scattering on the proton and 4 He with those corresponding to the quasielastic (QE) process, make it difficult to disentangle effects due to the nucleon structure from others directly linked to final state interactions (FSI), off-shell effects, few-body nuclear structure, etc. Accordingly, in this work we restrict ourselves to elastic electron scattering processes, and make use of all available data in the literature with no restriction on the Q 2 -range considered. The PV asymmetry (A P V ) in the case of elastic electron-proton (ep) scattering may be written as follows [5] :
where
2 with M the nucleon mass and G which depends on the scattering angle θ e . Assuming charge symmetry, the WNC form factors can be written as follows: [5, 6] for explicit expressions).
In this work we also consider the data obtained by the HAPPEX Collaboration on elastic e-4 He scattering. In this case the PV asymmetry involves the ratio of the two nuclear monopole form factors: the EM and the WNC ones. Hence, nuclear effects also play a role in the description of the process -for discussions of how such effects arise, see [7] [8] [9] . It can be shown that the use of onebody operators (leading-order approximation) and assumption that isospin-mixing can be ignored for the 4 He ground state yield for the ratio of nuclear form factors simply a ratio of single-nucleon form factors. In particular, the PV elastic asymmetry can be written in the form [6] 
Thus, these data are also sensitive to the WNC nucleon structure, and they give information that complements what is obtained through elastic ep scattering.
In a recent study [5] we showed that at |Q 2 | = 1 (GeV/c) 2 (the current limit for asymmetry data) the dispersion in A P V due to the use of different prescriptions for the EM form factors (some of them accounting for two-photon exchange contributions) was ∼ 3% in the very forward limit (θ e = 5 o ) getting much smaller for larger angles and lower |Q 2 |. Therefore, in the present work we neglect the uncertainties associated with the particular description of the EM nucleon form factors. On the contrary, A P V is highly sensitive to the electric and magnetic strange form factors G s E,M (Q 2 ) and to the axial-vector one G ep A (Q 2 ). In the latter radiative corrections can introduce very strong effects. In this work we perform a global fit of the five parameters: ξ p V , ξ n V , ρ s , µ s (these two linked to the electric and magnetic strange form factors [6] ) and the axial-vector form factor at zero momentum transfer:
Our predictions, based on a statistical analysis of the full set of PV asymmetry data for elastic ep scattering (SAMPLE [10] , HAPPEX [11] [12] [13] [14] , PVA4 [15] [16] [17] , G0 [18, 19] and Q-weak [2] ) as well as the two PV elastic e- 4 He data (HAPPEX [13, 20] ), are compared with all previous analyses presented in the literature.
Before entering into a detailed discussion of the results, a general comment on the fit procedure should be made.
Specifically, the currently accepted value of the axial-vector form factor at Q 2 = 0, namely, G ep A (0) = −1.04 ± 0.44 (see [21] ), has been included as an additional "experimental" constraint in the global fit. Although a significant contribution to G , and the GKex prescription [22] [23] [24] has been used for the EM form factors. The fit procedure consists in minimizing the χ 2 -function:
where A exp contains all data and A the takes care of the corresponding theoretical predictions that depend on the five parameters considered: ξ The results of the χ 2 -fit are summarized in Table I which contains the values for the five free parameters as well as their 1σ-errors (χ < χ [21] . However, note that both results are affected by large errors that make the two predictions overlap. These results may reflect important effects coming from higher-order contributions (radiative corrections) as well as from alternative descriptions of the Q 2 -dependence. Finally, in spite of the significant errors associated with the strange form factors, our global fit favors a large-positive strange charge radius ρ s (electric strangeness), whereas the strange magnetic moment µ s tends to be negative although still being compatible with zero contribution. The correlation coefficients between pairs of the five parameters considered in the χ 2 -fit are given in Table II . Notice the extremely small correlation for the pair (ξ In Fig. 1 we show all PV asymmetry data for elastic electron scattering compared with our theoretical predictions (zero line). The inner error bars represent the experimental errors while the outer ones (in red) include the theoretical uncertainty provided by the global fit corresponding to the 1σ confidence level. The strong correlation between some of the parameters has been taken into account in order to determine the theoretical error.
In Fig. 2 we show the 95% confidence contours obtained in our analysis extrapolated to |Q 2 | = 1 (GeV/c) 2 . The results of our present fit (red ellipse) are compared with those from our previous work [5] (blue curve). The significant difference in the areas spanned by the two ellipses is due to the different approaches considered in the two cases. In [5] a global analysis of the full set of PV asymmetry data, including only ep scattering, was performed (28 data) taking only ρ s and µ s as free parameters (see [5] for details).
On [26, 27] and [28] , respectively. the contrary, the red ellipse corresponds to the predictions obtained by simultaneously fitting five parameters. This larger number of free parameters explains the significant increase in the area. Note that the present analysis seems to favor positive (negative) values of ρ s (µ s ). However, the case of zero strangeness, i.e., ρ s = µ s = 0, is still inside the 95% confidence level in our present analysis (red curve), and only slightly outside the region obtained from our previous study (blue).
We also compare our predictions with the statistical analyses of data performed by Liu et al. [21] (brown ellipse) and Young et al. [3] (green ellipse). Also shown for reference the theoretical predictions provided by Leinweber et al. [26, 27] (black cross) and Doi et al. [28] (orange cross). The ellipses corresponding to the works [3, 21] are the results of χ 2 -fits of the PV asymmetry data for electron scattering on helium, deuterium and hydrogen in the vicinity of |Q 2 | ≈ 0.1 (GeV/c) 2 . In particular, in the work of Liu et al. [21] a total of 10 data in the range 0.091 ≤ |Q 2 | ≤ 0.136 (GeV/c) 2 were employed with only two free parameters: the electric and magnetic strange form factors,
. On the contrary, in [3] a total of 19 data in the range 0.038 ≤ |Q 2 | ≤ 0.299 (GeV/c) 2 were used. In this case, four free parameters were considered in the fit: the two vector strange form factors and the axial-vector form factor of the proton and neutron at zero momentum transferred, G Results have been extrapolated to the kinematical situation
Our prediction (red ellipse) is compared with the one of Young et al. [3] (green ellipse). As shown, our analysis improves significantly the previous prediction (important reduction in the area of the ellipse). To conclude, we apply our analysis to the determination of the WNC effective couplings. Thus, we build the 95% confidence level contour in the plane (C 1u − C 1d , C 1u + C 1d ). This is shown in Fig. 4 by the red ellipse. Our prediction is also compared with previous analyses given in the literature: blue ellipse [5] , green filled ellipse [4] , and brown ellipse [2] . The yellow one is the result of combining the constraints coming from our present analysis (red ellipse) with those from Atomic PV in Cesium (APV-Cs) experiments (magenta horizontal band, see [25, 29, 30] Summarizing, we have presented a complete statistical analysis of all PV asymmetry data available for elastic scattering on the proton and on 4 He. The χ 2 -test is based on the simultaneous fit of five free parameters that are shown to be strongly correlated in most of the cases. This result may indicate that some caution should be exercised when considering previous analyses that are based on a reduced number of parameters. Our new study seems to favor vector strangeness different from zero. This is consistent with our previous findings [5] . Moreover, a striking result in our analysis is the unexpectedly lower value for G ep A . However, the axial-vector form factor is known to be highly sensitive to radiative corrections that could explain this result. In any case, more studies are needed and our prediction could simply be considered as a signal of "possible" alternative descriptions for the Q 2 -dependence of G ep A . Finally, our results are in accordance with the weak charges of proton and neutron provided by the Standard Model.
